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INTRODUCTION

Shelikof Strait, situated between the Kodiak island group and the Alaska
Peninsula (Fig. 1), is included in OCS oil and gas lease area 60.
Environments’l geol ogi ¢  studies are being conducted by the U.S. Geological
Survey prior to the scheduled September 1981 sale date. Seismic-reflection
records, collected with 40- to 95—cm3 airgun, 800-joule minisparker,800-joule
boomer, and 3.5~and 12-kilohertz systems and covering over 6,400 km of
trackline have been examined to identify geologic conditions at or below the
seafloor that might affect petroleum operations. Of the total trackline
distance, 865 km were collected in June 1980 aboard the Geological Survey’s
ship R/V S.P. LEE. The remainder were collected by Nekton Inc. in 1979, under
contract to the USGS (Fig. 2). Sediment samples were collected at 42 stations
on the June 1980 cruise for geological and geotechnical analysis (Fig. 2).

The purpose of this report is to present physical and chemical
measurements that have been made on sediment samples and to give a preliminary
geo-environmental assessment of Shelikof Strait, based on presently completed

analyses of the geophysical records and sediment samples.

SETTING

Shelikof Strait marks the location of a northeast-trending structural
trough, forming an inner forearc basin (von Huene, 1979) that is located near
the convergent margin of the North America plate where it is being underthrust
by the Pacific plate. The major tectonic feature is a clearly defined Benioff

zone, located at a depth of just less than 100 km beneath the strait(Pulpan

andKienle, 7979)



The GQulf of alaska - Al eutian region, which includes sale area 60, is one
of the nobst seismically active on earth and accounts for about 7 percent of
the annual worldwi de release of seismc energy; mostly in the form of large
earthquakes (greater than nagnitude 6). Since recording of large earthquakes
began in 1902, at least 95 potentially destructive events (M>6) have occurred
inthe vicinity of shelikof Strait. Recurrence intervals of major earthquakes
(M>7.5) wWithin a given area along the Gulf of Alaska - Aleutian system have
been estinmated to be between a nmaxi mum of 800 years {plafker and Rubin, 1967)
and a mninmm of 33 years (Sykes, 1971).

At |east 12 vol canoes classified as active (within historic tinme) or
recently active (<10,00 yr) are located along the Al aska Peninsula adjacent to
the strait (Powers, 1958). The volcanoes are andesitic in conposition and are
subject to violent eruptions, as exenplified by the Katmai event of 1912,
whi ch expelled nore than 25 km of ash (Wlcox, 1959). The nost recent
eruption was that of M. Augustine in 1976 in nearby |ower Cook Inlet

Onshore geology and sparse deep seismc-reflection data indicate that
many of the mmjor geologic features of |ower Cook Inlet extend into Shelikof
Strait. These features include |ess than 2 km of Cenozoic and an
underternmined thickness of Mesozoic strata, the Alaska - Al eutian Range
batholith, and the Border Ranges fault (Magoon et al., 1979). Bedrock within
the strait is covered by a blanket of relatively undeformed Quaternary glacia

and marine sedinmentary deposits.

BATHYMETRY
The bat hymetry of shelikof Strait is shown in Figure 3. The map was

prepared by hand-picking depths from 3.5- and 12-kilohertz prof i»s aleng all



tracklines shown in Figure 2, correcting depths to nean |ower |ow water,
comput er posting and contouring, and manually smoothing the final product.
The seafl oor of shelikof Strait consists of a gently sout hwest-sloping
central platform bordered by narrow narginal channels adjacent to the Kodiak
islands and the Al aska Peninsula. Water depths in the northeast part are
generally less than 200 m whereas those in the southwest generally exceed
200 m and can be as nuch as 300 m  Superinposed on the platform are sone
| ocal highs and lows with as much as 100 mrelief. Along the axes of the

mar gi nal channels are several closed depressions of up to 100 mrelief

SHALLOW STRUCTURES

Figure 4 shows trends of shallow structures. Faults were identified in
airgun, ninisparker and uniboom records by the presence of offset strata and
hyperbolic reflections. Only faults that disrupt sediment above bedrock were
mapped, and distinction is nmade between those that intersect the seafloor and
those that termnate belowit. Fold axes were taken from the map prepared by
Hoose and Whitney (19801.

Most major structures trend parallel to the axis of the strait,
perpendicular to the direction of plate convergence. Faults that offset the
seaf | oor or extend above bedrock into unconsolidated sedinent occur along both
margins of the strait. Faults in the central part of the strait cause as much
as 100 moffset of the seafloor and produce horst and graben structures seen
in some seismc reflection records (Fig. 5).

Shal | ow bedrock folds are asymretric, with vergence toward the northwest
on the Kodiak Island side of the strait and toward the southeast on the Al aska
Peni nsul a side (Hoose and Whitney, 1980). Mbst folds are truncated at the

unconformabl e contact with overlying unconsolidated sedinent.



SEDI MENT

Stratigraphy: Sedi mentary deposits of presumed Pleistocene and Hol ocene

age overlie an irregular unconformty above Tertiary and ol der sedinentary
bedr ock. Thi ckness of unconsolidated sedinment, measured from airgun,

m ni sparker, and uniboom records, is generally about 100 ms of two-way
acoustic penetration in the northeastern half of the study areaand increases
abruptly in the southwestern half to values exceeding 1000 ns (Fig. 6; see

al so Whitney et al., 1980 a,b). The thickening reflects a deepening of the
unconformty. Interpretations of the seismc stratigraphy by Witney et al.
(1980 a,b), Hoose et al. (1980), and Holden (1980) reveal that the section
above the unconformty conprises three sedinentary units: a |owernost

(Pl eistocene?) unit that fills the bedrock depression in the southwest half of
the area and reaches thicknesses of nmore than 500 m a | ower Hol ocene unit
general |y about 100 mthick that overlies the unconformity in the northeast
and the Pleistocene unit in the southwest, and an upper Hol ocene unit
generally less than 20 mthick that covers nost of the seafloor.

H gh-resolution seismc reflection records show that the platform area on
the seafl oor of shelikof Strait represents the surface of a southwesterly
progradi ng sediment body. This sedinent body pinches out laterally across the
strait to formthe gently sloping seaward walls of the marginal channels
(Fig. 7). The steep, landward channel walls appear to be fault scarps in sone
pl aces, but nore typically are the depositional surface of sediment derived
from Pl ei stocene glaciers or the adjacent |andmasses (Al aska Peninsula and
Kodi ak islands). Therefore, the channels are not erosional in origin but
instead represent areas of little mbdern sedinment accumnul ation. In fact, the

overal | sedinmentary environment of Shelikof Strait apparently is depositional,



with no evidence of the erosion and |arge-scale reworking comon nearby in
Cook Inlet (Bouma et al., 1978) and on Kodiak Shelf (Hanpton et al., 1979).
Sedi nentation reflects the dom nantly barotropic fl ow of ocean water that
enters the northeast end of the strait from Cook Inlet and the Gulf of Alaska
(Schunacher et al., 1978; Muench and Schumacher, 1980).

Textures: Sedinmentary textures were neasured by sieving and pipetting
into four size classes: coarse (>2 mm), sand (2-0.062 nm), silt (0.062-
0.004 mj, and clay (<0.004 nmm. Textures of surficial sedinent grade
uniformy down the strait from nuddy sand at the northeast end to slightly
sandy nud at the southwest end (Figs. 8,9), indicating progressive sorting by
present-day transporting currents. A general fining across the strait, toward
the southeast, exists in the southwestern half of the study area.

| ndex physical properties: Geotechnical index properties have been

determned for many of the sediment cores. These include vane shear strength,
sensitivity, water content, grain specific gravity, and plasticity (Atterberg
limts) (Table 1).

Vane shear tests were perforned with a motorized device at a rotation
rate of 90°/min. The vane was 14 inch dianeter and ,inch high, inserted into
the sediment to a depth tw ce the height of the vane.

Peak undi sturbed strengths and renol ded strengths were nmeasured. On
board ship, vane shear tests were perfornmed at the ends of |-m core sections
imediately after recovery. The axis of vane rotation was parallel to the
core axis in these tests. In the laboratory, within two weeks after
termnation of the cruise, core sections were split longitudinally and vane
shear tests were performed at 20-cm intervals with the axis of vane rotation

perpendicular to core axes. Replicate measurenents were made on natching



hal ves of sone cores. Sometests were performed using a torque cell to
neasure resistance to vane rotation; others were run using a spring. Peak
vane shear strengths (S, generally increase toward the northeast (Fig. 10,
Table 1), reflecting the increase in grain size. Mst of the sedinent can be
classified as very soft (su<12 kilopascals), but some is soft (12kPa<Su<24kPa)
to medi um (24kPa<S <48kpa). These values are within typical ranges for
shallow nmarine sedinment (e.g., Keller, 1968, 1974).

s, values ideally increase down core, reflecting an increase in effective
stress and a decrease in water content. This is true for nmost cores in
Shelikof Strait, except for cores at stations 530 and 550, where strengths
decrease. This strength reduction down core may be due to cementation of the
near-surface sediment or an internal fabric effect (e.g., Bennett et al.,
1977).

Replicate vane tests nade on matching core halves fall into two groups.
In the first, the replicate tests were both made with the torque-cell
apparatus, whereas in the second, one test was made with the torque cell and
the other was made using a spring to measure resistance to vane rotation.

Peak undisturbed strengths and renolded strengths were neasured. The results
are summarized in Table 2. Differences between replicate neasurenents are
expressed as V, the coefficient of variation (difference between the two
measurenents, divided by the nean, expressed as a percent). As shown in the
table, the range of V is large (0-113%), but the averages and standard
deviations are noderate. The mean of all replicate torque-cell neasurements
is 24% for both peak undisturbed strengths and renolded strengths. Standard
deviations are 20% and 22% respectively. V-values for the torque-cell/spring
replicate measurenents have a grand nean of 22% for peak strengths and 26% for

renol ded strengths, with standard deviations of 16% and 26% respectively.



Vane shear strength tests nade at the ends of core sections neasure
strength along a vertical cylindrical surface within the sediment, whereas
tests nade on split core sections neasure strength on a cylindrical surface
whose axis is perpendicular to the core axis and contains planes in al
directions from vertical to horizontal. Thus, end-core tests measure strength
on planes that are of different orientation than those on which strength is
nmeasured in a split-core test. Sone difference in end-core and spilt-core
val ues might be expected, because strength can be anisotropic in sedinents.
Moreover, Bjerrum (1973) denonstrated an inverse relation between the
magni t ude of anisotropy (in a horizontal plane versus a vertical plane) ana
plasticity index using several different natural clays. In order to make a
simlar analysis of shelikof Strait sedinent, sone adjustnents of the data
were made to account for the fact that end-core and split-core measurenents
were not taken at the same levels in cores. Nawely, |linear regression
equations were derived for both the undisturbed and renol ded split-core
strengths as a function of water content for several cores witn a.undant vane
strength data (Table 3). No anisotropy should exist for remolded sanples, so
the difference between the renol ded end-core neasurements and the
corresponding split-core regression line was considered to represent the rea
deviation from linearity, reflecting variations within the sedinment colum
that affect strength.

This difference, which also includes some experimental error, should be
inherent in the undisturbed Strength val ues, too, so the deviation conputed
for the renolded strength was subtracted from the corresponding undi sturbed
strength. Then, this corrected value was divided into the corresponding
(equal water content) value on the undisturbed, split-core regression line to

give a measure of anisotropy. As shown in Fig. 11, nearly all split-tote



values exceed those from ends of cores, giving an anisotropy greater than
one. No correlation with Bjerrum's (1973) experinmental curve is evident,
however .

Val ues of sensitivity, S, the ratio of undisturbed strength to renol ded
strength, fall in the 1ow (1<S<2) to quick (s>16) range (Terzaghi and Peck,
1948), with nmobst being classified as nedium sensitive (2<S<4) (Table 1). The
coarser sediment in the northeastern area tends to have higher sensitivity
values (Fig. 12, Table 13}.

Water content (as a percentage of dry sedinent weight) generally
decreases to the northeast, inversely correlating with grain size (Fig. 13,
Table 1). Mreover, water contents increase across the strait, from the
Al aska Peninsula to Kodiak Island. Values in the northeast are perhaps |ow
for marine sedinent, but mobst are in the range of neasurements taken el sewhere
(Keller, 1968, 1974).

Atterberg linits describe the plasticity of sediment, in ternms of the
liquid limt (water content separating plastic and liquid behavior) and
plastic linmit (water content separating solid and plastic behavior). Useful
derivatives are the plasticity index (difference between the liquid and
plastic linmts), and the liquidity index (position of the natural water
content relative to the liquid and plastic linmts). Certain trends in
plasticity are evident in shelikof Strait. Liquid limt, plastic limt, and
plasticity index increase down the strait toward the southwest, and also
generally across the strait, toward the southeast (Table 1, Figs. 14, 15, 16).
These properties also generally increase with decreasing mean grain size
{Figs, 17, 18, 19), although the data for plastic limt are quite scattered.
vlastic limts are less variable than liquid linmts, which is typically the

‘%o.tchell, 1976; Richards, 1962).



Correl ati ons have been nade between liquid linit (Wz) and conpressibility
{Herrmann et al., 1972; Skenpton, 1944). The ngjority of Shelikof Strait
sanples fall within the nEdiun1(30<w2<50) and high (w,>50) conpressibility
ranges.

All neasured liquidity indices in Shelikof Strait are greater than 1
(Table 1) which is usual for near-seafloor marine sediment. Most cores show a
decrease in liquidity index with depth, reflecting the decrease in watei
content. Sediment with a liquidity index greater than “one behave as a |iquid
when renol ded.

A plot of liquid limt versus plasticity index - termed a plasticity
chart (Casagrande, 1948) - shows a trend parallel to the A-line that divides
basic soil types (Fig. 20). Mst sediments from shelikof Strait plot bel ow
the A-line, which is typical of inoganic silts and silty clays. The |inear
trend of data points is expected for sanmples taken throughout the same
sedi mentary deposit (Terzaghi, 1955; Richards, 1962).

Qther index properties obtained include grain specific gravity, bulk
sedi ment density (assumng 100% saturation), void ratio, and porosity
(Table 1), Sedinent density decreases toward the southwest, whereas void
ratio and porosity increase. Across the strait, toward the southeast,
sedi ment density decreases, and void ratio and porosity increase. Gain
specific gravity varies over a snall range, with nost values between 2.65 and
2.84. No trends are apparent. Typical variations with depth in cores are as
follows: void ratio and porosity decrease, bulk sedinment density increases
and grain density shows no trend.

Carbon: Dry-weight percentages of carbonate and organic carbon were

measured for subsamples taken from the upper 2 to 3 cm of cores at 31
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locations in Shelikof Strait (Figs. 21, 22). Carbon-carbonate analysis was
perfornmed on a LECO nodel wr-12 carbon determinator with induction furnace and
acid digestor. Subsamples were first freeze-dried, ground to a fine powder,
and stored in a desiccator. Total carbon was neasured using the induction
furnace, and carbonate carbon was deternmined with the acid digestor. Organic
carbon content is calculated as the difference between total carbon and
carbonate carbon contents. The reported values of organic carbon and
carbonate carbon represent the average of 3 analyses from each core.

Surficial sedi ment of Shelikof Strait is characterized by low to
intermediate contents of organic carbon, conpared to other marine areas
(Bordovskiy, 1965, 1969; Gardner, 1980; Lisitzin, 1972; Rashid and Brown,
1975).  values range from0.10%to 3.16% averaging 0.82% Mst values are
bet ween 0.40% and 1.50%

Organic carbon content generally increases down the strait toward the
southwest, as well as across the strait toward the southeast. These val ues
vary inversely with grain size (Fig. 23). Correlations with other physical
properties are shown in Figs. 24 through 28. Organic carbon content
correlates positively with water content and plasticity index, whereas general
inverse correlations are found with vane shear strength and sensitivity. Data
are too scattered to define a correlation between organic carbon content and
liquidity index. Correlations simlar to those described above have been
reported by others for |ow organic-carbon content sedinents (Bordowskiy, 1965,
1969; Bush and Keller, 1981; Keller et al., 1979, Lisitzin, 1972; Mitchell,
1976; 0dell et al., 1960).

Percent carbonate carbon is typically low in Shelikof Strait sedinent,

varying between 0.84% and 38.76% (average = 2.96%)(Fig. 22). Mbst values are



less than 3.50%  Two | ocations (535 and 553) with anomal ously high val ues
(21.67% and 38.76% respectively) are near the boundary of the strait.

Clay mineralogy: Forty-four sanples of surficial sedi ment were anal yzed

for clay mneralogy. Sanple preparation and clay-mneral identification

met hods generally follow those presented by Hein et al. (1976). Sanples were
analyzed on a Picker high-angle x-ray diffractometer with a scintillation
counter using nickel-filtered copper Ku radiation. Carbonate and organic
carbon were renoved from sediment samples with Mrgan’s solution (sodium
acetate and glacial acetic acid diluted with distilled water) and 30% hydrogen
peroxi de, respectively.

The <2 um size fraction was separated by centrifugation. This clay-size
fraction was My-saturated and nounted on glass slides (G bbs, 1965). The
nmounts were glycolated and then heat-treated at 500°C for one hour. An x-ray
diffractogram (26 = 3°-140) was taken follow ng each of the above treatnments.

The semiquantitative technique of neasuring peak areas was used to cal cu-
late the relative clay-mneral percentages. Biscaye's (1965) peak area
wei ghting factors of two for chlorite~kaolinite, four for illite, and one for
smectite were used in calculating relative percentages. Percentages of
chlorite relative to kaolinite were obtained froma slow scan of the 24°-
26° 26 diffractogram (Biscaye, 1964). Kaolinite was a minor conponent in
these sanples, making accurate determnations difficult. Biscaye's method
showed no discernible kaolinite peak at 24.88° 29. The chlorite val ues
presented here include any kaolinite that nmy have been present but was not
measurable. Duplicate sanples and duplicate sanple runs showed

reproducibility within 5%
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Illite and chlorite are the dominant clay nminerals in Shelikof Strait,
averagi ng 52% and 42% respectively (Figs. 29,30; Table 4). Mxed layer clay
(rmostly smectite) occurrence is mnor and averages 6% (Fig. 31). The nmmjor
gradients in clay mneral abundances occur across the strait, perpendicular to
the axis. At the northeast boundary of the strait, however, gradients tend to
becone oblique to the axis. The highest values of illite and the | owest
values of chlorite generally occur along the axis. Mxed layer clays occur
more abundantly on the southeastern side of the strait conpared to the
nort hwestern side, and nost abundantly at the northeast end of the strait.

The flow that transports clay minerals into Shelikof Strait derives
mainly from Cook Inlet and from the northeastern Qulf of Al aska (Miench and
Schumacher, 1980). day mneral suites fromthese areas, as well as from
near by Kodiak Shelf, have been described by Hein et al. (1979). Average
conpositions of these suites, as well the average from shelikof Strait, are
presented in Table 5. The clay mineral suite in Shelikof Strait npbst closely
resenbles that from Cook Inlet, but some contribution from the northeastern
Qlf (i.e., Copper River) surely is present.

The relative enrichment of chlorite and depletion of illite al ong the
margins of the strait nay represent contributions of clay nminerals from the
adj acent |andmasses. Alternatively, the segregation nmight reflect hydraulic
sorting processes (G bbs, 1977, Xnebel et al., 1977). Stratigraphic evi dence
(i.e., the non-depositional channels) suggests that the margins of the strait
are hydrodynam cally high-energy areas, inplying that clay ninerals with
relatively low settling velocities would be depleted, which apparently is the
case. Knebel et al. (1977) denonstrated that chlorite and kaclinite in

San Francisco Bay sedinent is coarser than iilite, and that hydraulic sorting

—
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on the basis of size exists. The distribution of mxed layer clays in
Shelikof Strait, present in relatively small amounts and presumably finer
grained than the other clays, shows a sorting trend, but it is not clearly
conpatible with that shown by the other clays. Mxed-layer clay distribution
suggests a source from Kodi ak Shel f.

Gas:  Sedinent sanples at 15 stations were analysed for |ight hydrocarbon
gases (nethane through butane), by K Kvenvolden and T. Vogel. In general,
gas concentrations were low (Table 6). Mthane was approximtely
30 microliters/liter (ul/1) of wet sedi ment, ethane was about
100nanoliters/liter (nl/l), propane was 100 nl/1l, and et hane was 80 nl/l.
| sobut ane and n-butane were negligible.

(One station showed anonml ous gas concentrations. Sediment from
station 539 exhibited | arge nethane (1600 u) and ethane (946 nl/1) concen-
trations. The sanple was unusual, because the nethane/ethane + propane ratio
was hi gh (C,/C, + C3 = 1556) indicating biogenic gas, and yet the
et hane/ ethene ratio was also high (Cz/C2:1 =~ 16), suggesting a thernogenic
source. Ethene is normally the same concentration or greater than that of
ethane in biogenic gases, but due to the l|ow concentrations of the other
saturated hydrocarbons (propane, iso-butane, and n-butane), the gas at

station 539 can be assuned biogenic.

ACOQUSTI C  ANOVALI ES

Anomal ous acoustic signatures exist in many boomer and i ni sparker
records. Typically, they appear as unusually strong reflections, with abrupt
terminations, within the unconsolidated sedinent section. Reflectors below

the anomaly are conmonly obscured. A few instances whe-= all reflectors



beneath the seafloor are totally obscured, with no evidence of strong
reflectors, were also found.

Anomal i es occur nmopst commonly in the northeastern half of the strait, but
some also exist in the southwest (Fig. 32). Many anonalies occur over steeply
di pping bedrock strata and anticlinal crests that have been truncated by
erosion (Fig. 33).

Acoustic anonalies are not all easy to distinguish, because a continuous
gradation exists from normal acoustic returns, through subtle deviations from
normal, to distinct anonalies. [nstrunent settings, such as filter
frequenci es and gain modes (TVG versus AGC), have an influence on the
appearance of anonmalies. It is commonly a matter of judgment what to identify
as a true acoustic anomaly. Only distinct anomalies are mapped on Fig. 32.

Acoustic anomalies have been shown in other areas to be caused by gas
charging (Nelson et al., 1978; Wielan et al., 1976; Schubel, 1974)., A simlar
causative relationship has not been confirned in shelikof Strait, but it
cannot be discounted. The occurrence of sone anonalies over truncated
anticlines and steeply inclined bedrock strata is consistent with an origin
due to migrated gas, but the absence of significant concentrations of gas in
cores and of of water-columm gas seeps in the seismic records argues against
it, unless, of course, the gas is conpletely trapped and cannot leak to the
surface. Alternatively, the anomalies may be due to change in lithology al ong

stratigraphic horizons.

CRATERS
Seaf |l oor craters occur over an area of approximately 1500 knf on the

progradational platformin sShelikof Strait (Fig. 34). The craters appear on

15



seismic reflection profiles as small indentations, typically 50 min dianmeter
and less than 5 mdeep (Fig. 35). Broad, lowrelief rims about 1 mhigh can
be detected on sone. In side-scanning sonar records, the craters are subtle
features and circular in plan (p.J. Hoose, personal conmunication). The
craters are simlar in appearance to those found on the Scotian Shelf by Xing
and MacLean (1970). Disruption of seismc reflectors cannot be detected
beneath nost craters. Mreover, nearly all craters occur on the present-day
seafloor. Only a few examples of buried craters were found (Figs. 34 and 35),
and nost of these occur within a subbottom depth of 25 m

Origin of the craters is unknown, but one possibility is venting of
either gas or buried, liquefied sediment. The lack of disruption of seisnic

reflectors suggests a shallow source; less than a few nmeters. Gas venting is

believed to cause craters in other places, such as in Norton Sound where a
buried Pl eistocene peaty nud is the source of gas (Nelson et al., 1979). No
evi dence of an organic-rich |ayer was detected in shelikof Strait cores, and
as mentioned above, nmeasured contents of hydrocarbon gases are |ow.
Furthernore, the location of acoustic anomalies, which are also believed
typically to be related to gas (Nelson et al.,1978; \Welan et al., 1976;
Schubel, 1974), are alnost mutually exclusive of the locations of craters in
Shelikof Strait.

There is an interesting correlation of the occurrence of craters with the
subsurface extent of the thick Pleistocene(?) unit of Witney et al.
{1980a,b). The two are nearly coincident. But if the two features were

rel ated, sone disturbance of the intervening 100 m or so of unconsoli dated

sedi ment woul d be expected, which is not the case.
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Alternatively, craters might be formed by collapse or venting of buried
liquefied sediment. In particular, a layer of Katmai ash blankets nost of the
strait and was encountered in nmany cores. At nearly all locations within the
crater field, penetration of the gravity core was stopped at subbottom depths
of less than 35 cm Dart coring at one locality revealed a dense |ayer of ash
about 15 cmthick at this depth. Perhaps this material and other ash |ayers
were originally deposited in a loose state and have liquefied after burial,
al though this process does not account for the relief of the craters, which is
much greater than the thickness of ash recovered in cores.

Li quefaction, if it has occurred, could have been caused by a severe
earthquake such as the one in 1964. On the other hand, the area is too deep

for stormwave loading to cause liquefaction (e.g., Hanpton et al., 1978).

SEDI MENT SLI DES

Exam nation of seismic reflection records shows that the seafloor of
Shelikof Strait is nearly devoid of sediment slides. Only one instance of a
slide mass was found (Figs. 4, 36), and it was derived from an adjacent fault
scarp. The slide nass extends for about 100 m al ong one trackline and is |ess
than 10 mthi ck.

Al though nmost of the seafloor is flat, several steep slopes exist in
Shelikof Strait. Name ly, the landward walls of the nmarginal channels and the
| arge-of fset fault scarps in the central part of the strait have declivities
that coomonly exceed the resolving capability of the seismic reflection system
(about 15°) and maY locally approach vertical. Evidently, the sedinent
underlying these slopes is generally strong enough to resist the downsl ope

driving forces of gravity and earthquake accelerations.
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ENVI RONVENTAL — ASSESSMVENT

The tectonic setting of Shelikof Strait, near the convergent margin of
two maj or lithospheric plates, makes it subject to |arge earthquakes. The
m ni mum recurrence interval of 33 years for a mmjor earthquake that could
affect the entire region mght be exceeded by the lifetime of an oil-producing
province, because the last major event was in 1964. So, although earthquakes
cannot be predicted with confidence, seismc hazards are a valid concern for
of fshore devel opnent. Strong ground shaking, fault rupture, sedinment
di spl acenent, and tectonic deformation have all been docunented in nearby
areas. Examination of the distribution of historic epicenters shows no areal
concentrations (H Pulpan, Univ. Al aska, personal communication), such as
exi st nearby on Kodiak Shelf (Hanpton et al. , 1979), that would inmply some
areas are nore susceptible to local seisnic affects than others

Violent volcanic explosions are also associated with the tectonic
setting, and eruptions from the vol canoes on the Al aska Peninsula could cause
probl ens such as substantial ash accunulations and acid rains. Mre
destructive but local effects such as hot ash flows are not likely in nost
parts of the strait.

The faults in shelikef Strait that offset the seafloor inply recent
activity and the probability of nore to come. The seafloor offset (100 m of
some faults in the central part of the strait inplies major novement in recent
times. The short extent, irregular shape, and horst-like appearance of these
faults suggest that perhaps they are caused by forces associated with
| ocalized uplift rather than being a direct result of regional conpression.

The sedinmentary environnent of Shelikof Strait iS depositional, With

sandy material presently being deposited to the northeast and progressively
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finer material accumulating to the southwest. Problens associated with scour
or novenment of |arge bedforms, a significant concern on Kodiak Shelf and in
| ower Cook Inlet, should not exist in Shelikof Strait. Accunulation of fine
sedi ment does raise the possibility of pollutant storage on the seafloor,
though . Pollutants introduced within the strait itself or in nore diluted
form from |l ower Cook Inlet and the northeastern Qulf of Alaska could be stored
as contamnants on fine particles

Seaf | oor sediment in shelikof Strait exhibits physical properties (vane
shear strength, water content, plasticity) simlar to those of nmarine sedinent
el sewhere. Measurenents of physical properties are useful for categorizing
the shallow sedinment types in the strait, but deeper sanples and nore
sophisticated testing would be necessary for engineering design purposes
A few high values of sensitivity and conpressibility were obtained, but nost
measurenents of physical properties are in normal ranges for shallow marine
sedi ment, and no unusual geotechnical problens are indicated. Deeper uncon-
solidated sediment apparently is stable, coarse-grained glacial debris.
Geotechnical triaxial and consolidation testing now underway will give nore
detailed strength and consolidation information than is now available for the
uppernost sedinmentary units.

Sedinent slides are uncommon in the strait; only one occurrence is
known.  Nevertheless, the steep slopes alongfault scarps and al so along the
| andward side of the narginal channels must be regarded as possible sites of
local instability.

Indirect evidence for gas-charged sedinment, in the form of acoustic
anomalies, is especially common in the northeast part of the strait and warns

that weak and unstable sediment, as well as high gas pressures, mght be
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present in the shallow subsurface. Low gas contents in cores (except one) and
the absence of seeps from the seafloor, however, are inconsistent with the
hypot hesis of w despread gas-charged sediment.

The seafloor craters in the southwest area mght also indicate the
presence of gas-charged sedinent, although the |ocations of craters is nearly
exclusive of the locations of acoustic anonalies, which argues against this.

A nore likely explanation for the craters is sedinent venting due to
liquefaction. A source at depths of l|ess than about 10 nmeters bel ow the
seafloor is likely for the liquefied layer, and therefore the venting nay

represent only a mnor environnental concern.
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Table 1. Physical properties of sedient €O p3,

Mea n Wet

Depto Grail, S12e grain bulk Grain _Vaneshear8trength (k Pa) Atterberg limits

Latitude Water in {weight percent) size Water dengity Void Porosity specific undast- gens1- liquid plastic plasticity ligquid-

Station lonytude depth (m) core (cm) coarse sand silt clay ¢  content (8) (ym/cm') vatio _(8) __ uravity urbed remolded tivity L it (¥)_limit (%) _index (%) ity index
508 57%2 1.01'N 270 o Q 1 34 65 8.6

155%36.41'W 13 0 3 47 50 2.9 104. .2 1.46 2.65 72.8 2.80 3.1 0.8 3.8 69 27 42 1.84
21 106.2 1.48 297 745 2.s1 5.0* 2.6% 1.9
35 105.1 1.48 2.89 74.3 2.81 4.9 0.9 5.4
55 0 1 43 54 B.0 HB. 9 1.55 2,47 71.2 2.84 8.2 2.1 4.0 70 40 30 1,63
68 5.4 1.6 3.3
75 85.2 1.57 2.39 70.5 2.87 9.0 2.6 3.4
30 16.5 4.3 3.8
95 81.0 1.59 24260 69.3 2.85 13. 1 4.4 2.7
110 o 4 40 55 8.0 85.9 1.57 2.44 70,9 2.90 9.0 2.6 3.5 69 3B 31 1.55
121 66.4 1.64 1.76 63.8 2.71 4.2* 2.0* 2.0
130 82.9 1.58 2.33 70.0 2.88 11.6 4.0 2.9
153 87.6 1ib 2,49 71.4 2.91 10. U 3.9 2.8
170 tr 7 8 55 7.9 77.2 1. 60 2.14 68.2 2.84 15.7 4.2 3.7 67 43 24 1.43
190 Bti.6 t.58 2.24 ©9.1 2.81 11.4 3.2 3.6
210 66.7 1.6b 1.86 65.0 2.85 11.1 4.0 2.8
213 0 21 35 44 6.13 51 30 21

221 55.7 1.74 1.5%6 60,9 2.86 9.0* 5.2¢ 1.8
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Table 1 cont 1nued

3
Station longitude depth (m) core (em) coarse sand s1lt clay ¢ content (%) (go/om ) ratio

Lat:tude

Water

Depth

in

Grain size

509

510

S7°01,19'N
155°08.06'W

57°39,22'N

155°17.18'%W

225

305

0
5
12
10
48
70
90
111

132

15
3n
37
50

70

145
165
185
200
205
215

(weight pe
0 tr
0 1
0 1
0 2
0 1
0 1
0 tr
0 2
0 3
0 2
0 4
0 2
0 2
0 2
0 3
0 3

33
42
45

43

40

42

38

41

48

48

54

45

45

46

48
46

reent)

66
57

54

55

59

57

62

57

49

50

42

53

53

52

49

51

Mean
grain

s1ze

8.6

8.2

Water

123.8
111. H
121.3
120.6
113.5
115.3
104.7
100.6
96.6
94. H

98.2

H9.7
101.0
96.4
98.8
87.9
84.8
96.5
87.3

87.3

6l 9

H1.9

wo t

bulk

density vas, d

1.03

1.4%7

1.81

Porosityspecificundist-

A%} gravity urbed

7. D

75.4

76.4

74.3

69,7
73.9
72.4
73.3
71.0
71.1
77.7
71.1

70.6

64.8

by, Y

Grain

2.81
2.84

2.43
2. 17

2. B8O

2.78

2,85
2.83
2.89
2.84

2.82

2.7%
2.77

Vane shear strength (kPa | Atterbery limits
séNs] - Liquid plastic plasticity ligquid=-
remolded tivity limit (%) limit {%) index (%) 1ty index
B3 45 3n
3.5 0.9 3.9
4.9 1.8 2.7
4.1 2.5 1.7
4.0 1.6 2.4
4.9 1.6 3.0 46 26 20 4.73
4.9 1.6 3.0
7.2 1.7 4.2 85 45 40 1.49
10. B 3.4 3.2
11.5 3.5 3.3 78 45 33 1.56
10.0 3.3 3.0
8.9 2.6 3.3 82 41 41 1.40
4.0 2.2% 1.8
3.1 1.2 2.7 70 34 36 2.05
69 41 28
5.8 1.4 4.2
5.7 1.9 3.0
4.9 1.8 2.1 69 42 27 2.01
7.9 2.2 3.6
5.0% 2.0% 2.5
9.3 1.3 2.8
7.2 2.2 3.2 74 41 33 1.68
4.8 4.8 1.8
9.4 3.5 2.7
69 36 33
15. s 4.4 3.5
T.8% lone 2.1
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Table ' continued

Mean Wet
Depth Grain size qgrain bulk Grain _Vane shear strength (k Pal At terberg limits
Lat itude Water in __(weiyght percent} __ size Water densityVoid Porosity specific undist- sensi - liquid plastic pl astici ty liquid-
Station Jongatude depth [m) core {cm) coarse sand siltclay ¢ content (%) Js!"/,(‘.m_’) ratio A% gravity urbed remolded tivity limt (%) limit (%)index(%)ity index
511 57¢39,08'N 214 0 0 1 33 66 a.fh _ N o
154°50, 14w 15 0 1 44 55 H,2 109.5 1.45 2.89 74.3 2,88 2.6 1.4 1.9 74 38 36 1.99
35 113.8 t.48 3.1 75.7 2. H9 3.3 1.7 1.9
65 1[)5.7 1.47 2.R2 73.8 7.73 4.5 1.4 2.8
85 0 1 46 53 B.1 103.1 1.48 2.73 73.2 7.71 6.2 2.1 3.0
93 0 1 46 53 8.1 76 42 34
105 101.2 1.51 2.R7 74.2 2.90 6.8 2.8 2.4
125 99.5 1.52 2.n3 73.9 2.91 a,?7 3.1 3.1
145 0 1 45 54 8.1 91.9 1.55 2.62 72.4 2.92 9.4 3.4 2.8 €9 21 48 1.48
165 95.1 1.52 2.64 72. ¢, 2.H4 9.9 3.3 3.0
190 B6.2 1.54 2,28 69,5 ?.70 0.6 3.4 3.1
210 0 1 44 55 8.2 4.7 1.97 2.38 .5 2.88 13.% 4.9 2.7 70 44 26 1,57
230 86.9 1.56 2.41 70.7 2.84 11,9 4.8 2.5
512 5752 .5, N 195 0 N tr  Ho 20 6.8
154°14.9'W 13 0 tr 52 48 7.9 103.9 1.46 2.65 72.6 2.81 6.2 1.4 4.4 7 41 10 2.04
513 57°54.8'N 205 0 n 2 46 52 8.0
154219,8'w 12 N 1 43 w4 H.O 96,2 1.51 2.61 72.3 2.77 3.2 1.2 2.8 67 37 30 1,97
514 57955,3'N 222 o 0 3 s1 46 2.7
154°25.0'w 27 O 5 57 43 7.5 61 6 27
’8 [1] ‘4 52 44 7.6 89,7 1.55 2.50 71.4 2aRS 4.0 1.(. 2.4
15 57094, AL n 1 4 62 13 7.1
154°27.3'W 74 PRI 1,65 .59 (14 » 0 N a4 21
516 HHeNN. 'Yy 209 ] n 3 56 41 7.5

154°10,6'W 10 87.1 1.52 ?.26 09,1 2.65 .6 2.6 1.4
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Table 1 continued

Mean
Depth Grain size grain
Latitude Water in __(weight percent) size water

3
Station longitude depth lm) core !cm) coarse sand silt clay ¢  content (%) (gm/cm ) ratio (%)

6§17 47955,.3'N 180 o 0 1 38 61 q.4
154 00,9 'w 15 a 1 52 47 7.8 111.5
518 58°00.3'N 180 0 o 1 37 62 8.4
153 ®51.6'W 15 0 2 49 48 7.8 103.8
28 87.3
519 58 *05.5'N 200 0 0 3 46 51 7.9
154°01,31'w 15 ] 6 52 42 7.4 114.2
529 58213,2'N 213 0 o 6 46 48 7.6
153°56,2'W 9
12 115.4
15 0 9 52 39 7.2 95.1
27
27
35 89.2
311 71.0
521 54°07.93°N 179 0 0 1 40 59 8.3
153°45.93'W 12 n 4 49 47 7.7
5 BHenG LY 145 f) 0] + 37 62 Q.4
151941, 4w s 0 2 49 4 7.1 126.4
523 YHeN1, 7t 130 in 44.1
1734934, 00w 10 40.7
210 44,1
21 43.6

Wet

bulk

density Void Poresity specific undist-

1.46 3.04
1.47 2.71
1,51 2.18
1.44 3.01
1.50 2.51
1.594 2.40
1.61 1.87
1.40 1.21
1.8 1.20
1.87 1.17
1.41 1.71

APYTLY 1.27

Grain

Vane_shear strength (kPa)

(&) gravity urbed
75.2 2.78 4.9
73.1 2.67 5.4
BH Ho 2.56 4.0
75.0 2.69 4.1
3.4
71.5 2.70 3.2
2.9
4.9
70.6 2.76
>131 2.69 6.0*
T3 2a6n AT
BY N 2.8 a1
92.0 2,501 100
©4.7 L] 1, ae
650 2.17 A, n*

remolded tivity

Atterberg limits

sene i~

liquid plastinc plasticity liquid-
limit (%) limit (%) index (%) ity index

1.6

72 39 33 2.20
65 39 26 2.89
5P 34 24 2.55
57 34 23 2.40
A 4% 41 1.99
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it yaed

Mean Wet
Depth Grain rize qrain bulk Grain Vane shear strength(kPa) Atterberg limits
©.a. .t ude water in _ {weight percent ) s i ze Water density Void Po rosity specific undist~ sensi - liquin plastic plasticity liquid-
stati 0 _longitude depth core ¢narse sand siit clay $ content (% ) _l_g_{n_/_(:mz) ($kio gravity urbe d _remn 1 de d tivity limit (¢) limt (%) index (8)ity index
524 h4°15,94'N 175 I I 14 51 35 6.8
193941.87 'y
525 58°23,7'N 158 o 0 43 31 2 5.2
153.37 .2, w 15 45.7 1.80 1.24 55.3 2.77 9.5 1.6 5.8
35 45.0 1.82 1.23 55.2 2.80 23.5 5.4 4.4
55 0 33 42 25 5.5 43.8 1.82 1.19 54.2 2.77 31.3 5.6 5.6 40 233 12 1.32
85 40.5 1.8k 1.10 52.3 2.77 27.33 6.6 4.2
100 5.3.9 1.77 1.38 58.0 2.79 17.1 3.3 5.2
125 0 22 44 34 6.4 56 3 1.73 1.56 60.9 2.83 11.5 3.2 3.6 43 27 16 1.133
145 43.0 1.%5 1.18 54.2 2.82 20.2 3.9 5.2
165 0 60 21 19 4.0 35.1 1.92 0.95 4a.8 2.78 35.7 8.3 4.3 35 25 10 1.01
526 58°29,0'N 138 0 n 48 31 21 4.7
191927 .1'W 20 43.6 1.78 1.36 57.6 2.R0 7.1 2.0 3.6
40 46.4 1.[{0 1.27 55.9 2.79 11.5 3.3 3.5
65 n n 45 25 5.6 45.3 .01 1.23 595.1 217 7.6 2.3 3.3
77 a.0% 2.6* 1.0
as 18.6 T.ng 1,08 51.9 2,75 1[1.7 2.6 4.1
100 47.4 1.H3 1.2} 55.1 2.81 14. R 3.3 4.4
125 n 33 41 26 a.f, 51.1 t.H0 1.29 6.3 2.80 1.7 3.4
129 0 75 43 [P N 41 27 16
144 49.1 1.72 1. 0% > 07 2. 80 19,5 4.9 3.13
169 41,7 1.81 t, R G 1 2.87 11,0 1.0 3.7
171 0 33 5 8 6.6 1.7 1,27 ah .0 2.3 a0 s 21 12



Tabl e 1 continued

Mean Wot
Depth Grain size qrain hulk Grain _Vane shear strength (kPa) Atterberqg limits
Latitude Water n (weight percent) s ze Water density Void Porosity specificundist - seng1- liquid plastic plasticity liquid-

¥
Station longitude depth (m) core (cm) coarse sand silt clay _¢ content (%) (gm/cm ) ratfo (%) __ gravity wurbed remolded tivity limit (%) limit (%) index (%) ity index

527 5A®34.2'N 153 0 0 56 23 21 4.3

153°17.6'W 15%* 11 42 30 17 3.9 36.8 1.90 1.00 50.0 7.7R 16.4 4.9 3.4 34 22 12 1.23
23 37.7 1.H8 1.01 50.2 ?2.74 13.0% 1.8% 7.2
35 33.1 1.95 0.90 47.3 2.77 19,4 4.9 -3.9
55 32.4 1.04 0.87 46.4 2.74 8.6 2.1 4.2
58 34.4 1.92 0.92 48.0 2.74
70+ 11 69 11 9 2.4 31.5 1.95 0.84 45.6 2.73 15.2 3.3 4.6 20
95 38.0 1.89 1.03 50.8 2.79 26.7 6.6 4.1
115%* 13 50 20 17 3.3 36.3 1,86> 0.94 4R .4 2.65 16.1 3.7 4.3 29 23 6 2..722
123 23.3 2.07 0.62 38.3 2.72 19.8¢ 3.2+ 6.0

528 58°39.4'N 159 0 8 33 30 29 5.0

153*0 +7'W 15 1 37 38 24 5.2 40.6 1.84 1.08 52.0 2.73 21.7 4.2 5.2 35 23 12 1.47
35 53.5 1.73 1.44 59.0 2.75 15.6
52 47.8 1.79 1.30 56.5 2.78 11.6* 2.8* 4.2
¥ 43.8 t.84 1.20 54. H 2.81 16.6 5.0 3.3
H2 tr 43 30 27 5.2 49.0 1.75 1.28 5642 2.68 11.4 1.6 7.0 k1] 26 12 1,92
94 38.2 1.7 1.01 S0.4 2.72 15.hR 3.1 5.0
119 44.2 1.10 1.17 54.0 2.71 22,2 F.6 3.4
144 tr n 15 s 6.0 54. [) 1.77 1.43 58,9 2.71 15,7 5,7 2.8 30 24 15 2.00
152 46.6 1. 7R 1.213 ah.1 ?.70 17.0¢ 5.0% 2.9
179 47.1 1. 78 125 55.6 2.72 17.2 1.5 1.8
140 Sq.5 .71 1.43 HH, 9 2.74 163 1.9 4.7
211 ] (1] 30 1" 5.4 52.0 1.71% 1. 34 £7.9 2.71 1.6 4.5 1.7 L3 it Al 4.20
;14 47. N 1.7 1.31 N6 7 PaRili] LA d.0 .0

207 45,4 1.0 1.4 L 2 81 16, p* 1,04 LN
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Table 1 cent 1nued

Depth

Latitude Water in

Station lon gitude_depth (m) core f(em) coarse samd s 11t

529 S8°44.4'N 1w o
152*57 .4-W 15

55

60

110

5£30%¢  58°49.7°'N 165 0
152%47.6'w 15
35
40

47

531 58*54 ,9'N 161 0

152°37.3'w

532 58-45 +B85'N 195 0
152°27.98°'w

533 5B8°50.4°N 120 0

152*23 9'W 15

53'3 58°39.6'N 185 0

152*47 J1'W 15

35

49

60

43

(welyht_ percent)

0
0

4

54

100

39
27
n

76
68

77

87

44

37

47

b8

60

Gtalisige

24
41

16

10

11

41

24

83

Mean
grain
s1Ze
ay ¢
32 9.5
32 6.1
9 2.8
13 3.0
16 3.6
123.0
6 2.0
2 -0.2
0 -2.0
22 5.2
29 5.0
17 3.6
22 4.2

Water

8.4

27.9

41.1

42.3

41.9

49.7

41.0

45.6

SB.1

Wit

balk

dens 1ty Void

1.45

1.85

1.99

1.83

1.79

§
gontent {$) (ym/em ) ratio

1.01

1.01

Porosity specific undigt-

(%)

30.

50.

42.

52.

52.

55.

57.

51.

3

Grain

gravity

2. 68

2.08

2.70

Vane_shear gtrength (kpal
BEns) -

urbed remolded tivity

Atterberq

limits

liquid

plastic

Timit (%) limit

(0)_dndex (%) 1ty index

11.6% 3.4+ 3.4
14.2% 4.0 3.6
19.6% 3.2% 6.3
12.4 3.1 3.9
10.2 1.3 7.8
4.2+

4.2

16.2 3.1 5.2
6.0 2.1 2.9
19.6 3.5 5.5
19.1 4.2 4.5
30.1 7.2 4.2
23.4* 2.4* 10.4

44

38

41

29

32

30

11

plasticity liquid-

.38



Table T cent inued

Latitude
Station longitude
“537.0'N

ERM

Tie 4ty
Z.6H

Water

depth (m) core (cm! coarse

Depth

in

98

190

0
15

30
35
40
55

75

91

129
141
150
170
190
210

240

Grain size
__{weight percent)
5 89 2 4
0 0 56 44
0 17 35 48
u 13 44 43
1 35 27 37
0 11 45 14

Mean
qrain
size Water
1.8

7.8 39.4

82.9

76.5
77.1

66.2

49.2
43.9
39.0

41.5

48.6
48.2

51.3

Wet

bulk

density Void

1.59

1.60

sand silt clay ¢  content (%) u%wfl ratio

2.61

2

1.

1.

.02

.33

06

.13

88

.21

.07

.15

Porosity specificundist -

()

72.3

66.8

70.0

67.3

68.0

65.3
56, u
54.7
51.6

53.4

Grain

yravity

2.66

2,82

2.81

Vane__shear strength

urbed

14.2

1 -3

10.4

11.9

9.0
1.6

(kPa) Atterberg limits
gensi - liquin plastic plasticity liquid-
remolded tivity  limit (%) 1imit (%) inde x (%)ity index
1.8 7.9
2.3 4.9 68 43 25 1.38
2.8 3.5
2.4% 3.0
2.1 4.8
2.6 3.9
2.2 3.2 48 31 17 2.28
3.2 4.3
2.1 5.2
2.6* 2.3
4.9 3.3
3.0 3.9 37 23 14 1.51
1.6 2.8
2.9 3.1
3.2* 3.6
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Table 1 continued

Latitude

Water

Stat: on longitude depth

Depth

in

(m) core{cm)coarse sand s1lt clay

(we tght percent)

sratn size

537

538

58%29.0"N
153%07.6'W

38925.2°N

153 °00. 2 W

160

190

0
20
40
&4
75
a5
100

15
24
35

55

.205

224

0

v

23
14

37

18

46

18

26

36

44

38

32

35

24

42

38

38

41

43

45

EA]

47

30

51

44

35

dens tty Void

1.88
1.71

1.74

1.77

1.1

2.36
2.15
2.36

2.20

1.89

Mean Wet

graln 1k

Si ze Wate £

) content (!l_(gm/umll ratio

6.6

7.2 67.6 1.66
64.5 1.67
63.5 1.6>7

7.0
64.7 1.67
59.4 1 .69
71.2 1.63

5.6 55.1 1.72
53.8 1.73
53.5 1.74
54.7 1.72

7.1

5.1 87.9 1.54
88.9 1.54
86.9 1.55
79.2 1.58

7.7 86.4 1.55
9.8 1.59
63.2 1.69
63.1 1.67

7.0 70.2 1.62
55.0 1.73
68.4 1.56

6.2 55.9 1.72
65.1 1.66
61.1 1.69

1.65

Porosity specif ¢ undist -

(%)

65,
63.

63.

63.
61.
6b
59.
59.
59.

59.

70.
70
70
6H.
70
ed.
64.
63.
65.
59.
69.
6u.
b3

62.

2
9

9

.3

1

3

9

3

2

8

9

2

Grain

gravity

2.41

2.80

2.80

2.82

Vane shear strength (k Pa)

u rbed

15.8
17.6
17.1
14.6*
27. o
27.8
22.2
22.1
25.4

18.2*

13.2*

13,9

14.9
25.9
23.0%
5.8
29.2
22.2
24,6
17.0

16.4*

remolded

4.2¢

6.4

S.8%

sensl -

tivity

Atterberg

limits

ligquad

limet (%) limit (0)

57

56

70

70

o0

48

plastic plasticity liquid-
index (9) 1ty index

34 23 1.46
30 26

32 k1] 1.47
41 29 1,57
31 29 1,35
29 .19 1.42
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Tabl - tcontainued

stat

533

sS4z

A e & A7)

Depth
Latitude Water in
1on longitude depth (m) core
- 58°21,3'N 175 0
153°12.4°W A\
60
65
110
115
58°21.5'N 210 o
153907.6'W 15
6U
110
204
248
58¢15.8°'N 167 0
153°22.0'wW 15
SHP1R,6°N 155 0
D3006,97W 15
e TN 180 0

Mean Wet
Grain si ze grain buik Grain vane shear strength (kPa) Atterberg limits
_ (wei ght percent)  size Water densityVold Porosity specific undist- sensi . liquiAd plastic plasticity 1liguid-

(em) coarse sandsilt_clay‘i’content(‘)iﬂﬂ/.ﬁ'l“_),L“.S,ii?_.(_“_)._ gravity urberkenol ded tivity limit (%) linmit (%) index (%) fty jndex
n 9 36 S5 7.8
o 4 47 49 7.8

89.7 1.54 2.47 71.2 2.82 9.8* 3.27 3.1
0 3 42 55 8.1

150.8 1,37 4.1R HO. ? 2.83 7.2* 4.0* 33

89.5 1.54 2.46 71.1 2.81 10.2* 3.2% 3.1
0 20 45 35 6.5
0 20 35 45 6.9

76.9 1.98 2.01  ©66.8 2.68  13.6* 2.8* 4.8

79.2 1.58 2.15 68.3 2.8 15,.6* 4,0% 37

51.6 1,75 1.40 58.3 2.77 27. o* 6.2% 4.3

48.2 1.79 1.32 56.9 2.80 23. R* 5.0% 48
¢} 4 41 55 B.0
n 5 57 37 7.2 96.1 5.0 1.6 3.2 63 39 24 2.30
0 9 47 44 7.4
n 15 55 30 6.5 76.7 5.9 2.0 3.0 56 35 21 1,99
0 2 48 50 7.9
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Table 1 continued
Mean Wet
Depth Grain si1ze qrain hulk Grain Vane shear strength(kPa ) Atterberg limits
Lat itude Wat er n  (weight percent) _ size Water density Void Porosity specificundist . sensi - liquid plastic plasticity liquid-
Station longitude depth [m _core (cm__ coarse sand silt clay ¢ content (0) (gm/cm') ratio (%) _ gravity urbed remolded tivity limt (%} limt (%) index (%) ity index
545 58%22.9' N 75 0 0 17 49 34 6.6
153853,5'W 22 4.5 1.9 2.4
30 0 0 59 41 7.6 68.8 1.65 1.90 5.6 2.83 5.6 1,9 3.0 45 25 20 2.19
Y 65.8 1.64 1.74 63.6 2.71 9.3 2.2 4.2
70 93.5 1.57 2.55 71.8 2.79 6.6 2.2 3.0
8% | 5 54 40 7.3 54 28 26
90 75.0 1.58 2.20 68.8 2.80 5.6 1.7 3.2
91 65.3 1.65 1.75 63,7 2.75 8.8* 2.0% 4.4
110 o 7 58 15 7.1 65.1 1. 66 1.7H 64.0 2.79 11.4 2.6 4.3
130 0 4 54 42 7.5 59.5 1. 69 1.61 hl.6h 2.76 13.3 3.3 4.1 48 29 19 1.61
150 65.2 1. 6 1,79 64.2 2.81 11.4 3.1 3.6
170 60.9 t.70 1.69 2.8 2.83 11.4 4.0 2.9
tH4 55.6 1.72 1.51 60.2 2.76 14.4% 5.0¢ 2.9
1H5 u 4 57 39 7.4 66.8 1.66 1,84 64.8 2.84 11.1 1.8 2.9 46 29 17 2.22
210 65.8 1.65 1.78 64.0 2.76 11.0 3.1 3.5
225 64.8 1.65 1.74 63.5 2.75 12.3 3.1 3.9
241 66.4 1.65 1.81 64.4 2.79
245 68.7 1.65 1.91 65.6 2.R4 11.6 2.3 5.0
261 16,2 2.4% 6.5
265 0 3 52 45 7.7 71.3 1.H2 1.94 66,0 2.78 14. 2 4.0 3.6 54 34 20 1.87
G4F, AP 2HWBN 97 0 0 10 59 31 6.8
151947,0'W 9 ] 11 63 26 H.6 54.2 1.71 1.42 51,7 2,68 (- 1.7 i.e 41 2n 15 1.75
87 H91v33.0°'N 87 ] t [ O 19 7.2
193°314.4'W 15 1} “ (] 17 LTS 70.9 1.6 1.92 HHH I & 11.7 1. 4?2 ~a 13 3.22
27 62.8 1.67 1.<,1 [P} AIAY oo 1.8 27
15 57.1 hed 1.6 4.1
51 n 5 h2 13 7.1 Shed 1.70 1.48 5.7 7659 hon 1.6 4.1 41 a7 14 .10
61 57.4 t.69 1,52 [N 2.0 [ 2.0 3.3
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Tab le t continued

Latitude

Station longitude depth {(m) core (cm} coarse gand silt clay ¢

Water

De@ %

in

548 58°37.9°'N 64
153225.1'W

549 58°43.3°'N 87
153215,0'W

541 59*50.8'N 165

153%10.3'W

5 HEL R PE IRS{] hh

192598, 4 W

0
20
40
60
Bo

90

30

42

.
11’,"
35
55
44

100

1444+
158

125

tc

o

7

0

30
26

63

41

52

51

Grain size

57

67

62

28

53

14

37

28

i

11

2?7

3A

34

40

21

22

20

12

Mean
gra in

size

7.1

7.4

Water

54.2
53.7
60,7
50.7

56.1

43.6
45.4
St.1

42.4
41.2
37. H
39.3
q1.7
39.1
14.2
30.9

11.4

44.1
7.0

an 2

Wet

bulk

density Void

1,72

1. 94

.72
1,11

1.HY

content (%) J,qt"&?r_"j ) ratio

1.63

1.35

Q.91
0.H]

e

1uhi

.02

n.Ho

Porosity specific undist-

o)

59.0

58.6

62.0
57

59.5

53.2
54.2

57.3

52.0
57.5

50.7

G,
.7
6N.5

44.5

Grai n

gravity urbed remolded tivity

2.73

2.67
2.H9

272

2,72

2.17

ALl
2,76
Fa 77

2.12

Vane_shearstrength (k Pa]

9.4

12.3

37.5

22.2
27.49
15.6*
20,2
16,1
11,9

11.4*

10,6
tH.n
22.0

20,2%

Atterberg

limits

2.7

4.0

4.u*

senai-~

3.6
H.4

10, 3

n

s
(SN

5.1

liquiq

40

30

29

30

28

26

plastic

19

29

25

21

plasticity liquid-

21

17

limit (%} }Lm&g_(\) index (%) 1ty |ndex

106L3

26.0

2.61

1.77
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Table 1 continued

Mean Wet
Dept h Gain size grain butk Grain Vane _shear strength (kPa) Atterberg linmts
Lat itude Wt er in (weight percent) size Water density Void Porosity specific undist- seng i- liquid plastic plasticity liquid-
Station _longitude. depth (m)} core (cm) coarse sand silt _clay ¢ content (%) L‘l’,’.‘:lﬁ.’f‘_}.) ratio _ (u  _gravity urbed remolided tivity limt linmit (%) index (%) ity Index
56 SR®47,2'N 135 0 0 38 35 27 5.4
153%02,5'W 15 0 21 47 32 6.3 59.0 1.70 1.60 61.6 2.78 11.5 1.6 7.0 41 26 15 2.20
35 51.0 1,76 1.38 58.1 2.78 10.7 2.1 5.2
60 41.5 .78 t.28 56.1 2.75 12. 2 2.6* 4.6
69 u 32 42 26 5.6 51.7 1.75 1.39 58.1 2.75 10.9 2.6 4.1 40 26 14 1.84
74 46.1 1.80 1.25 55.5 2.77 29. 4* 6.6% 4.5
89 47.7 1.80 1.28 56.1 2.78 8.9 1.6 5.4
110 0 30 39 31 5.3 50.5 1.75 1.44 58.9 2.78 13.2 4.0 3.3 41 27 14 1.68
125 46.1 1.80 1.25 55.6 2.78 11.9 2.0 4.3
145 0 48 30 21 4.6 38.9 1.R8 1.05 51.3 2.77  23.1 5.1 4.5 31 23 8 1.99
161 45. s 1.81 1.25 55.5 2.79 25.9 6.7 3.9
174 41.5 1.84 1.11 52.7 2.75 19.2* 4.2 45
¥
vVane inserted parallel to axis of cor e; inserted perpendicular to axis for all others. Highsand content; probable nonplastic behavior during testing.



Table 2. Replicate vane shear neasurenments on split-core hal ves. S,

i ndi cates undi sturbed strength, S, indicates renolded strength, subscript 1
refers to first core half, subscript 2 refers to second. Vu and v, are t he
coefficients of variation for replicate undisturbed and renol ded strength
measurenents, respectively. The notation te-sp indicates that a torque cell
was used to measure strength on the first core half and a spring was used on
t he second, whereas tec-tc indicates that torque-cell measurenments were nmade on
both hal ves.

epth SuL Sw Sr1 512 vu Vr
Core _(em (kPa) (kPa) (kP2 ) (kP2) (% (%
508 G1 13 3*1 3.5 0.8 1.3 12 48
(tc-tc) 35 4.9 3.2 0.9 1.2 42 29
55 8.2 9.5 2.1 2.5 15 17

75 9.0 7.3 2.6 1.8 21 36

110 9.0 10.0 2.6 2.6 11 0

130 11.6 14.8 4.0 4.7 24 16

153 10.8 12. 4 3.5 3*5 14 0

170 15.7 14.3 4.2 3*9 9 7

190 11. 4 15.6 3.2 4.1 31 25

210 11.1 21.6 4.0 2.6 64 42

511 G1 15 2.6 3.22 1.4 1.6 21 13
{tc-sp) 65 4.5 6.0 1.6 2.4 29 40
85 6.2 5.2 2.1 2.5 18 17

105 6.8 7.5 2.8 3.3 10 16

125 9.7 7.8 3.1 3.0 22 3

145 9.4 7.8 3.4 3.6 19 6

165 9.9 7.8 3.3 3*3 24 0

190 10.6 11.3 3.4 4.6 6 30

210 13.5 13.2 4.9 5*9 2 19

230 11.9 10.2 4.8 4.8 15 0

41



Core

Dept h
in core

(cm

525 Gl

(tc-tc)

526 @

(tc—-sp)

15

35

55

85

105

125

145

165

20

40

65

85

105

125

145

165

ul

kPa

9.5

23.5

31.3

27.8

17.1

11.5

20.2

35%7

7.1

11.5

7.6

10.7

14.3

5%9

18.5

11.0

Sw
kPa

9.5
10.5
1904
24.0
17*4
11.4
17. 4

28.1

7*9
9.3
6.6
13.8
8.3
14. 4

4.9

ri

{kpP2 )

r2
kP2

2.6

3*7

o

6.5

4.9

4*0

4.0

7.5

2.3

2.3

2.5

2*2

4.5

2.2

4.9

2*2

1%

76
47

15

15

24

37
20

47

34
25

7

9
48

37

19

22

10

14

36

17

31

26

31



528 &3

(te=sp )

545 G1

(tc-tc)

. Dept h
in core
_(em
15
62
82
94
119
146
175
190
210

234

50

70

90
106
130
150
170
185
205
225
245

265

Su1

kPa

21.7

16.6

11. 4

15.6

22.2

15.7

17.2

16.3

16.6

1506

11. 4

13.3

11. 4

11. 4

11.1

11.0

12.3

11.6

14.2

U2
kPa

27.1
16.0
19.1
15.7
19.3
19.5
20. 8
20. 2
13. 4

18.2

15.2

17.6

13.8

10.0

13.2

14.0

43

ri

kP2

4.2

5.0

1.6

3.1

6.6

5.7

3.9

4.5

4.0

2.2

2.2

1.7

2.6

3.3

5.1

4*0

3.8

sr2

(kP2)

15.0

44

4*1

6.4

6*6

7.6

6.8

5.4

3*9

5.4

1.6

2.1

1.5

1.0

3.3

5.4

3.4

3.3

3.8

5.6

o

%
22

50

14
22
19
21

21

15

40
20
22
73
13
17
43
17
23
21

13

(%)
113
13
88

69

29
41
32
14

30

32

12

89

22

30

11

(e}

21

381

33
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Table 3. Strength anisotropy in sedinment cores. Sue is the undisturbed vane shear strength neasurement taken on
ends of core sections, and s__ is the corresponding predicted split-core value. s__ and S _ are the neasured and
predicted remolded vane shear neasurenents, respectively. Corrected Sue = Sue - f% - s 3. (Negative strength
values are an artifact of the analytical procedure. These values are not used in FES. 113

Esti mat ed Corrected
_Depth Wt er plast|0|ty Sue S e Sus Sre Sis
in core cont ent i ndex
Cor e (cm (% (% (kPa ) (kPa ) (kPa ) (kPa ) (kPa ) Ani sot r opy
508 21 106. 2 42 5.0 3.4 4.4 2.6 1.0 1.3
121 66. 4 31 4.2 7.2 15.1 2.0 5.0 2.1
221 55.7 21 9.0 9.9 17.9 5.2 6.1 1.8
510 15 119.2 36 4.0 2.0 -0.1 2.2 0.2 -0.1
115 87.9 27 5.0 6.0 9.0 2.0 3.0 1.5
527 23 37.7 12 13.0 16.8 22.0 1.8 5.6 1.3
123 23.3 6 19.8 15.2 -4%4 3.2 -1.4 0.3
528 52 47.8 12 11.6 13.0 16.8 2.8 4.2 1*3
152 46. 6 15 17.0 15.4 17.0 5.8 4.2 1.1
534 83 58.1 11 23. 8 25.5 24.3 2.4 4.1 1.0
536 40 76.5 25 7.4 7.1 9.3 2.4 2.1 1.3
140 39.0 14 6.0 6.6 1.6 2.6 3.2 1.8
240 51.3 14 11.6 11.2 | 09 3.2 2.8 1.0
537 85 64.7 23 14. 6 16.8 19.8 3.2 5.4 1.2
185 54.7 23 18.2 19.9 22. 8 4,2 5.9 1.2
538 24 88.9 38 13.2 12.3 8.0 3.2 2.3 0.6
124 63.1 29 23.0 23. 4 22.6 5.8 6.2 1.0
224 61.1 19 16. 4 17.1 23.7 5.8 6.5 1.4
545 97 65. 3 26 8.8 9.8 11.0 2.0 3.0 1e1
184 55.6 17 14.4 12.8 12.8 5.0 3.4 1.0
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Table 3 cont.

Esti mat ed Corrected
Depth Wt er plasticity Sue Sue Sus Sre St
in core cont ent i ndex
Core (cm (% (% (kPa ) (kPa ) (kPa ) (kPa ) (kPa ) Ani sot r opy
547 27 62.8 13 5.0 4.4 4.9 1.8 1.2 1.1
67 57.4 14 6.6 6.2 6.5 2.0 1.6 1.0
550 100 41.7 7 15.6 16.7 19.7 2.0 3.1 1.2
175 31.4 7 11.4 12.5 20.9 1.4 2.5 1.7
551 75 30.2 4 20.2 20.7 27.6 4.0 4.5 1.3
552 69 47*5 14 12.2 13.0 15.5 2.6 3.4 1,2
89 46.1 14 29. 4 26.5 16. 4 6.6 3.7 0.6
174 41.5 18 19.2 19.6 19.5 4,2 4.6 1.0



Table 4. Cay nmineralogy of tops of cores.

% mxed % snectite in Corrected Corrected

Station %chlorite %illite | ayer m xed |ayer % smectite % illite
507 42 53 5 75 4 54
508 43 49 8 75 6 51
509 44 47 9 75 7 49
510 44 56 0 0 0 56
511 41 51 8 75 6 53
512 44 47 9 81 7 49
513 40 52 8 75 6 54
514 42 53 5 70 4 54
515 40 53 7 80 6 54
516 37 58 5 75 4 59
517 46 46 8 80 6 48
518 40 52 8 70 6 54
519 47 47 6 75 5 48
520 46 50 4 79 3 51
521 39 52 9 75 7 54
522 43 50 7 70 5 52
523 40 52 8 74 6 54
525 38 56 6 75 5 57
526 45 48 7 79 6 49
527 37 56 7 79 6 57
528 37 56 7 75 5 58
529 34 54 12 75 9 57
530 40 47 13 79 10 50
531 51 42 7 75 5 44
532 40 41 19 70 13 47
534 46 48 6 75 5 49
535 42 29 29 77 22 36
536 47 46 7 76 5 48
537 42 49 9 77 7 51
538 44 50 6 80 5 51
539 43 48 9 81 7 50
540 49 44 7 80 6 45
541 47 47 6 77 5 48
542 47 47 6 84 5 48
543 45 44 11 70 8 47
545 44 48 8 77 6 50
546 45 48 7 75 5 50
547 48 46 6 75 5 47
548 32 60 8 79 6 62
549 40 54 6 75 5 55
550 38 56 6 79 5 57
551 45 50 5 75 4 51
552 35 58 7 82 6 59
553 37 53 10 91 9 54



Tabl e 5.

Clay mneral ogy (percents) of shelikof Strait and possible source areas.

Shelikof Strait Cook I nl et Kodi ak Shel f Copper River
and Delta
average range average range average range average range
chlorite 42 32-51 42 29- 64 51 30- 69 56 53-64
illite 52 36- 66 46 32-61 34 19-43 31 27-39
smectite 6 0-22 3 0-19 5 0- 30 tr 0-1

47



Tabl e 6. Light hydrocarbon gas contents of sediment cores.

C i-C n-C

2 2: 4 4
Dept h C, 2: 1 C, . c
in core Mthane Ethane Ethene Propane |sobutane n-butane ! 2
Station (cm (W2/2)  (ng/2) (n&/%) (n&/%) (nL/% ) (ng/2) Cy¥Cycp 47
509 100-110 177 228 248 224 24 42 390 0.9
511 96- 106 36 46 12 52 0 0 365 3.9
514 30-40 23 48 28 46 14 0 247 1.7
523 100- 110 10 24 22 44 0 0 156 1%
525 100- 110 ! 0 0 0 0 0
526 50- 60 18 116 100 116 26 14 80 1.2
700- 110 16 36 28 80 18 0 137 1.3
200- 210 38 66
527 100- 110 25 202 300 192 26 24 62 0.7
528 100- 110 1 0 0 76 0 0 13
529 100- 110 12 80 84 116 0 24 60 1.0
200- 210 48 184 60 96 12 28 172 3.0
534 50- 60 6 88 66 90 22 20 34 1.3
536 100-110 26 162 102 138 22 0 85 1.6
537 100- 110 62 106 95 82 0 0 330 1.1
538 100-110 17 130 72 92 0 0 79 1.8
200- 210 27 186 88 158 28 26 79 2.1
539 100- 110 1628 946 58 100 0 0 1556 16.1
540 100-110 16 224 100 228 24 48 35 2.3
204-214 16 130 72 118 22 26 63 1.8
545 100- 110 51 56 48 50 0 0 480 1.2
200- 210 83 42 38 34 0 0 1070 1.2
548 96- 106 28 64 50 0 0 0 244 1.3
549 42-51 1 0 0 0 0 0

48



Table 6 cont.

Dept h c C
in core Mthane Ethane Ethene Propane Isobutane n-butane ! ?
Station (cm (e /2) (nf/2) (nf/2) (n&/%) (ng /%) (ng/2 ) Cy#Cy e
550 100- 110 28 64 50 54 0 0 244 1.3
200- 210 17 42 26 54 18 24 180 1.6
551 91-101 30 154 82 126 20 16 107 1*9
552 50- 60 18 44 36 36 0 0 231

1.2
100-110 14 24 18 62 0 0 165 0.4



FI GURE CAPTI ONS

2*

5.

10.

11.

12.

13.

14.

Location map of the study area in Shelikof Strait

Tracklines of continuous seisnmic reflection profiles and |ocations of
sanpling stations (nunbered). Solid lines represent the 1979 Nekton
survey contracted by the USGS Conservation Division, and dashed I|ines
represent the 1980 rR/V S.P. LEE crui se.

Bat hynetry of shelikof Strait, 5-mcontour interval. Depths corrected to
mean | ower |ow water.

Shal | ow structures. Bold lines represent fault offset of the seafloor
(hachures on downthrown side), dashed lines indicate buried faults that
of fset unconsolidated sediment, and dotted lines indicate uncertain
extent of buried faults. Fold axes (from Hoose and Witney, 1980)
denoted by narrow |ines.

Boomer seismic reflection profile showing high-offset faults.

Thi ckness of near-surface sedimentary units of probable Pleistocene and
younger age. Contour interval: 25 mlliseconds of two-way travel tineg,
except 100 ms for dotted contours where data are relatively sparse and
contours are generalized.

Seismic reflection record across marginal channel.

Pi e-di agranms showing relative abundances of textural classes in sedinent
sanpl es.

Mean grain size of seafloor sediment, in phi-units.

Vane shear strength (in kilopascals) at shallowest |evel measured in core
(typically at 15 cm none deeper than 74 cnj.

Anisotropy Of vane shear strength versus plasticity index, including
experimental ly derived curve of Bjerrum (1973). s __ is the predicted

(from the regression line) value of undisturbed strength measured on a
split core, and corrected Sue is the (corrected) value of undisturbed

strength nmeasured on an end of core. Both values are hypothetically from
the same depth in the core.

Sensitivity at shallowest |evel neasured in core (typically at 15 cm
none deeper than 74 cn.

Water content at shallowest |evel measured in core (typically at 15 cm
none deeper than 74 cnj.

Liquid limt at shallowest level measured in core (typically at 15 cm
none deeper than 129 cnj.
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15.

16.

17.
18,
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31
32.

33.

34.

35.

36.

Plastic Ilimt at shallowest |evel neasured in core (typically at 15 cm
none deeper than 129 cm.

Plasticity index at shallowest level nmeasured in core (typically at
15 cm none deeper than 129 cm)

Liquid limt versus mean grainsize.

Plastic limt versus nean grain size.

Plasticity versus mean grain size.

Plasticity chart.

Organic carbon (percent dry weight) in seafloor sedinent.
Carbonate carbon (percent dry weight) in seafloor sedinent.
Organic carbon versus grain size.

Water content versus organic carbon.

Plasticity index versus organic carbon.

Shear strength versus organic carbon.

Sensitivity versus organic carbon.

Liquidity index versus organic carbon.

Illite content of seafloor sedinent.

Chlorite content of seafloor sedinent.

M xed-1 ayer clay (nostly smectite) content of seafloor sedinent.
Locations of acoustic anomalies along tracklines,

Uniboom seismic reflection record showi ng acoustic anomaly over truncated
fold in bedrock. Vertical scale is in two-way travel tine.

Locations of craters along tracklines. Dots represent seafloor craters;
circles represent buried craters.

Uniboom seisnmic reflection record showi ng seafloor and buried craters.
Vertical scale is in two-way travel tine.

Uniboom seismic reflection record showi ng slunmp nass at base of seafl oor
escarpment. Vertical scale is in two-way travel tine.
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